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(54) COATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a coating 
method by which >2 layers of thin coating films are 
formed at a high speed on a flexible substrate without 
roughening the coating film surface when the film is 
dried. 

SOLUTION: A coating soln. for a lower layer is first 
applied in excess on a flexible substrate 80 by using a 
lower layer coater 85 arranged on the upstream side. In 
this case, the coating soln. with a stationary viscosity 
controlled to >1 P and a viscosity at 10,000 sec-1 shear 
rate to <50 cP is used. Subsequently, the excess of the 
coating soln. for the lower layer is scraped off by an 
upper layer coater 1 1 to form the lower layer, and a 
coating soln. for the upper layer is applied on the lower 
layer. 




LEGAL STATUS 

[Date of request for examination] 24.02.2004 
[Date of sending the examiner's decision of 



http://www 1 9.ipdl.jpo.go.jp/PA 1 /result/detail/main/wAA AoEaOStDA4 1 2 1 67474P 1 .htm 4/2 1 /04 



Searching PAJ 



Page 2 of 2 



rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examinees 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9jpdljpo.gojp/PAl/result/detail/main/wAAAoEaOS 4/21/04 



Page 1 of 1 



' * NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** 5^0^ the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The extrusion-die spreading head which has two or more doctor edge sides is forced on the 
flexible base material it runs by being constructed across between pass rollers. It is the method of 
application which applies the coating liquid breathed out from a slit. In the upstream of said spreading 
head The coating liquid for lower layers which adjusted viscosity [ in / for quiescence viscosity / more 
than IP and shear-rate 10000sec-l ] to 50 or less cPs is superfluously applied to said support surface. 
The method of application characterized by applying the coating liquid for the upper layers breathed out 
from said slit on the lower layer concerned while failing to scratch a part for the excess of said coating 
liquid for lower layers and forming a lower layer with said spreading head. 

[Claim 2] The method of application according to claim 1 characterized by adjusting each coating liquid 
so that the difference of the viscosity in shear-rate 10000sec-l of each coating liquid of the adjoining 
layer may be set to less than 10 cPs. 

[Claim 3] The method of application according to claim 1 or 2 characterized by a part of doctor edge 
side [ at least ] of the downstream projecting from the tangent drawn towards the peripheral surface in 
contact with said base material of the pass roller located immediately after the downstream of the 
spreading head concerned from the down-stream edge of the doctor edge side of the maximum upstream 
in said spreading head. 

[Claim 4] The method of application according to claim 1 to 3 characterized by being so large that it 
having the curved surface of the doctor edge side in said spreading head **** to said base material side, 
respectively and the radius-of-curvature minimum value of the curved surface in each doctor edge side 
going to the doctor edge side of the downstream. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of application suitable for forming the paint 
film of two or more layers on the flexible base material it runs at high speed, in order to manufacture 
optical film, such as a magnetic-recording medium, photosensitive material, an electronic ingredient, a 
spreading mold cell, and acid resisting, a polish tape, the information recording paper, etc. 
[0002] 

[Description of the Prior Art] The technique which uses an extrusion-die coater and forms 
simultaneously the thin paint film of two or more layers on the flexible base material which consists of 
plastics etc. at high speed is indicated by JP,2581975,B, JP,5-212337,A, etc. 

[0003] However, with the technique indicated by these official reports, when thickness of the paint film 
of the lowest layer was set to 10 micrometers or less by the damp or wet condition, the air (company air) 
which moves in connection with the base material it runs might invade into the paint film, and spreading 
nonuniformity might occur. Moreover, in order to form a thin paint film with the technique indicated by 
said official report, when the edge side and the flexible base material of a spreading head were made to 
approach, the foreign matter which had adhered on the surface of the base material mixed into coating 
liquid, or the base material was shaved by the edge side, the shaving powder mixed into coating liquid, 
and there was a case where spreading failure of a spreading stripe etc. occurred. 
[0004] On the other hand, the technique which applies coating liquid to a base material is indicated by 
JP,2601367,B and JP,6-134380,A, applying to a base material the under coat liquid of the hypoviscosity 
which makes a solvent a subject in the upstream of a spreading head, and failing to scratch the under 
coat liquid for an excess at the edge of the edge side of a spreading head. Here, it makes it possible to 
prevent trespass to the paint film of company air, and to form a thin paint film on a base material at high 
speed by applying coating liquid to the flexible base material sealed with under coat liquid in between 
edge sides. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when it was going to form the paint film on the 
base material using the technique indicated by JP,2601367,B and JP,6-134380,A, at the time of paint 
film desiccation, the solvent of under coat liquid might pass through the inside of the adjoining paint 
film, and might damage the paint film front face. Although desiccation of under coat liquid and 
desiccation of coating liquid came to be performed simultaneously and such nonconformity has 
improved because compatibility with the coating liquid of the adjoining paint film uses a good thing as a 
solvent of under coat liquid, there was a case where it became a problem like a high density magnetic- 
recording medium in what advanced surface smooth nature is required as. 

[0006] This invention is made in view of said technical problem, and the object is in offering the method 
of application which can be formed at high speed about the thin paint film more than two-layer on a 
flexible base material, without damaging the paint film front face concerned at the time of paint film 
desiccation. 
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[0007] 

[Means for Solving the Problem] The following configuration can attain said object concerning this 
invention. 

** Force the extrusion-die spreading head which has two or more doctor edge sides on the flexible base 
material it runs by being constructed across between pass rollers. It is the method of application which 
applies the coating liquid breathed out from a slit. In the upstream of said spreading head The coating 
liquid for lower layers which adjusted viscosity [ in / for quiescence viscosity / more than IP and shear- 
rate 10000sec-l ] to 50 or less cPs is superfluously applied to said support surface. The method of 
application characterized by applying the coating liquid for the upper layers breathed out from said slit 
on the lower layer concerned while failing to scratch a part for the excess of said coating liquid for lower 
layers and forming a lower layer with said spreading head. 

** The method of application given in the aforementioned ** characterized by adjusting each coating 
liquid so that the difference of the viscosity in shear-rate 10000sec-l of each coating liquid of the 
adjoining layer may be set to less than 10 cPs. 

** The method of application given in the aforementioned ** or ** characterized by a part of doctor 
edge side [ at least ] of the downstream projecting from the tangent drawn towards the peripheral surface 
in contact with said base material of the pass roller located immediately after the downstream of the 
spreading head concerned from the down-stream edge of the doctor edge side of the maximum upstream 
in said spreading head. 

** The method of application given in either the aforementioned ** characterized by being so large that 
it having the curved surface of the doctor edge side in said spreading head **** to said base material 
side, respectively and the radius-of-curvature minimum value of the curved surface in each doctor edge 
side going to the doctor edge side of the downstream - **. 

[0008] In addition, quiescence viscosity means the viscosity measured with the Brookfield viscometer 
here. Moreover, it is the thing of the rate rate of change of a direction vertical to the flow direction of the 
liquid which shearing force is given and flows, and is called a shear rate also with a velocity gradient. 
[0009] It is not under coat liquid like before in the upstream of a spreading head like the configuration of 
the aforementioned **. By applying superfluously the coating liquid for lower layers which adjusted 
viscosity on a base material, and applying the coating liquid for the upper layers on the lower layer 
concerned, while failing to scratch a part for the excess of the coating liquid for lower layers and 
forming a lower layer with a spreading head At the time of paint film desiccation, floating generated 
according to the interaction of the particle in coating liquid and distribution of surface tension can be 
reduced, and the dry area on the front face of a paint film can be controlled notably. Moreover, 
turbulence of the interface of the upper layer and a lower layer is also controlled. 
[0010] Floating in a paint film side becomes easy at the time of desiccation for quiescence viscosity to 
be less than [ IP ], and it becomes impossible here, to control the dry area of a paint film front face and 
an interface. If the viscosity of the coating liquid for lower layers in shear-rate 10000sec-l exceeds 50cP 
(s), it becomes impossible to be able to fail to scratch to homogeneity with a doctor edge, and it will 
become impossible moreover, to perform good spreading. In addition, in the configuration of the 
aforementioned **, on a lower layer, the upper layer of two or more layers may be prepared, and 
turbulence of the interface between the upper layers which adjoin in this case is also controlled. 
[001 1] Moreover, the dry area on the front face of a paint film and turbulence of an interface can be 
controlled still more notably by considering as the configuration of the aforementioned **-**, In 
addition, the doctor edge side of the maximum upstream in a spreading head given in the 
aforementioned ** is also called a front edge side. 
[0012] 

[Embodiment of the Invention] Hereafter, the facility for carrying out this invention is explained to a 
detail based on drawing 1 . The spreading facility 10 for two-layer spreading is shown in drawing 1 . 
The spreading facility 10 is equipped with the 1st which forms the conveyance way of a base material 80 
- the 3rd pass rollers 81-83, the lower layer coater 85 for applying the coating liquid for lower layers 
(henceforth "lower layer liquid") to base material 80 front face, and the upper coater 1 1 for applying the 
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coating liquid for the upper layers (henceforth the "upper liquid") on lower layer liquid. 
[0013] It is desirable to use that whose flexural rigidity of the base material thickness direction is per 
[ 10-7 ] lm width of face - 1 kgf-mm extent as a base material 80. Moreover, a base material 80 may 
form stratum functional, such as an adhesion layer, in the front face beforehand, and may dry or 
solidify it. It is made to run this base material 80 on the pass roller 81-83 so that the tension of that 
conveyance direction P may serve as 5 - 50 kgf/m and a bearer rate may serve as 100 - 1500 m/min. 
[0014] The lower layer coater 85 is installed between the 1st pass rollers 81 and the 2nd pass rollers 82 
which are located in the upstream of the upper coater 1 1 mentioned later. As a lower layer coater 85, 
gravure coater, slot coater, extrusion coater, etc. are [ other than a roll coater which was illustrated ] 
employable. With this coater 85, lower layer liquid is applied on a base material 80 so that the thickness 
in a damp or wet condition may be set to 5-20 micrometers. 

[0015] Especially a presentation etc. will not be limited if lower layer liquid fulfills the following 
conditions. In order that lower layer liquid may perform good spreading in the first place, the viscosity 
in the condition of having given shearing force must be low enough. Then, using a ROTOBISUKO 
viscometer etc., lower layer liquid is adjusted so that 50 or less cPs of viscosity of shear-rate 10000sec-l 
may be preferably set to 30 or less cPs. Lower layer liquid must have the high viscosity in a quiescent 
state to the second. Then, using Brookfield etc., more than IP, quiescence viscosity adjusts lower layer 
liquid so that it may become more than 10P preferably. 

[0016] Adjustment of such viscosity can be performed by adjusting the amount of solid content in 
liquid, binder molecular weight, etc. Although the lower layer liquid which adjusted viscosity is applied 
to a base material 80 with the lower layer coater 85, lower layer liquid is superfluously applied at this 
time so that it may become the thickness exceeding final lower layer thickness. Lower layer liquid is 
superfluously applied so that it may become 120% or more of thickness of final lower layer thickness 
preferably. 

[0017] The base material 80 to which lower layer liquid was applied superfluously is conveyed with the 
pass rollers 81-83, and reaches the upper coater 11. The spreading head which has two or more doctor 
edge sides of the coater 1 1 concerned is forced on the base material 80 constructed across between the 
2nd pass roller 82 in front of the upstream of the upper coater 11, and the 3rd pass roller 83 just behind 
the downstream. The spreading head shown in drawing 1 is equipped with the doctor edge side 
(henceforth a "front edge side") 12 of the maximum upstream, and the doctor edge side 13 of the 
downstream, and the slit 14 is formed between the front edge side 12 and the doctor edge side 13. 
Moreover, the coater 1 1 equips the interior with the liquid pool 15 which is open for free passage to a 
slit 14, and the upper liquid is supplied to the liquid pool 15 through the gear pump (not shown) etc. 
from the coating liquid supply source 16. 

[0018] When a base material 80 reaches the upper coater 1 1 through the lower layer coater 85, the lower 
layer liquid superfluously applied on the base material 80 concerned is in a damp or wet condition. First, 
in respect of [ 12 ] the front edge, the upper coater 1 1 fails to scratch a part for the excess of the lower 
layer liquid applied to the base material 80, and forms a lower layer. The lower layer thickness formed at 
this time can be set up by adjusting suitably the angle of approach to the configuration of the front edge 
side 12, and the front edge side 12 of a base material 80, the tension of the conveyance direction P of a 
base material 80, a spreading rate, etc. Although the front edge side 12 consists of a flat surface and an 
inclined plane here, especially the configuration is not limited. For example, you may have the curved 
surface **** to a base material 80 side, the foreign matter which has adhered to the base material 80 in 
that case becomes that it is hard to be mixed into coating liquid, and generating of spreading failure can 
be suppressed. 

[0019] Next, the upper coater 1 1 applies the upper liquid breathed out from a slit 14 on the lower layer 
which failed to scratch a part for the excess of lower layer liquid, and formed it. Since the viscosity 
under the situation that between a base material 80 and the front edge sides 12 is sealed with lower layer 
liquid, and the shearing force of the lower layer liquid concerned was given at this time is low, company 
air does not invade into the upper liquid. And the base material 80 which passed the upper coater 1 1 is 
dried or solidified in the paint film. Under the present circumstances, since the quiescence viscosity of 
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lower layer liquid is high, a field dry area is inhibited notably. 

[0020] In above spreading facilities 10 and methods of application, since high lower layer liquid is 
moderately applied to a base material superfluously, and viscosity fails to scratch a part for the excess 
with a spreading head, forms a lower layer and applies the upper liquid on the lower layer liquid 
concerned from conventional under coat liquid, there are few amounts of the solvent which passes 
through the inside of the paint film concerned at the time of paint film desiccation. Therefore, the 
turbulence of the dry area on the front face of a paint film and the interface of the upper layer and a 
lower layer is controlled notably. Moreover, as shown in drawin g 1 , it is located in the direction which 
separates from a base material 80 from the tangent which the doctor edge side 13 drew from the down- 
stream edge of the front edge side 12 towards the peripheral surface in contact with the base material 80 
of the pass roller 83 located immediately after the downstream of a spreading head in the upper coater 
1 1 . Since such a spreading head does not fail to scratch the foreign matter on a base material according 
to the doctor edge side 13, it can perform spreading with the good time when the thickness of the upper 
paint film is comparatively thick. 

[0021] It replaces with the upper coater 1 1 in the spreading facility 10 shown in drawin g 1 , and another 
usable upper coater 21 is shown in drawing 2 . Like what showed the spreading head of the upper coater 
21 shown in dr awing 2 to drawing 1 , although it has the front edge side 22 and the doctor edge side 23, 
the doctor edge side 23 projects from the tangent drawn from the down-stream edge of the front edge 
side 22 here towards the peripheral surface of the pass roller 83 located immediately after the 
downstream of a spreading head. 

[0022] In the upper coater 21 of the above configurations, it is turning the doctor edge side 13 to a base 
material 80, and making it project, and spacing of a base material (not shown) and the doctor edge side 

23 is narrowed, and it makes it possible to make the upper paint film thin by this. For example, in case it 
is going to form the upper layer in 3 micrometers or less by the damp or wet condition, this upper coater 
21 can perform good spreading. As for the doctor edge side 23, it is desirable to consist of continuous 
bow sides here. 

[0023] It replaces with the upper coater 1 1 in the spreading facility 10 shown in drawing 1 , and another 
usable upper coater 31 is shown in drawing 3 . The upper coater 31 is equipped with the front edge side 
22, the medium doctor edge side 23, and the downstream doctor edge side 24, and forms the two-layer 
upper paint film on a lower layer. As for the front edge side 22, the medium doctor edge side 23, and the 
downstream doctor edge side 24, it is desirable to consist of bow sides here. And it is still more desirable 
that the minimum value of the radius of curvature of the bow side which constitutes each edge sides 22- 

24 is so large that it goes to the edge side of the downstream. Since the fluid pressure of coating liquid 
can be decreased and coating liquid can be accelerated by it so that it goes to the downstream by 
carrying out like this, it becomes easy to apply coating liquid thinly, and turbulence of an interface is 
also controlled notably. 

[0024] Moreover, it is the case where the two-layer upper paint film is formed on a lower layer, and in 
case two kinds of coating liquid is applied so that the thickness in each damp or wet condition of the 
upper paint film may be set to 2 micrometers or less, it is desirable to bring the viscosity of each coating 
liquid close, and it is still more desirable to adjust each coating liquid so that the difference of the 
viscosity of shear-rate 10000m-l of each coating liquid may be set to less than 10 cPs. By carrying out 
like this, turbulence of the interface between the adjoining upper paint films can be controlled still more 
notably. 
[0025] 

[Example] Hereafter, effectiveness of this invention is clarified based on an example. 
(Examples 1-8, examples 1-3 of a comparison) Either of five kinds of lower layer liquid shown in a table 
1 was first applied by the humid thickness of 30 micrometers on polyethylene terephthalate support with 
a thickness of 10 micrometers it runs by rate 800 m/min by extrusion coater. Next, using the spreading 
head 2 shown in the spreading head 1 and drawing 5 which are shown in drawing 4 , it was failed to 
scratch a part for the excess of lower layer liquid, the lower layer was formed, and either of four kinds of 
coating liquid shown in a table 2 was applied on the lower layer concerned. The viscosity of lower layer 
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liquid and coating liquid is also collectively shown in a table 1 and a table 2. 

[0026] 

[A table 1] 
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[0027] 
[A table 2] 
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[0028] The spreading condition at this time and the interface situation of each class obtained from paint 
film cross-section observation are shown in a table 3. In addition, the design dimension of the spreading 
head 1 shown in drawing 4 was as follows. H= 30 micrometers of differences of the front edge side 
radius of curvature of R= 4mm, the slit width of S= 200 micrometers, and edge side height. Moreover, 
the design dimension of the spreading head 2 shown in drawing 5 was as follows. H= 5 micrometers of 
differences of front edge side radius-of-curvature Rl= doctor edge side radius-of-curvature R2=4mm, 
the slit width of S= 200 micrometers, and edge side height. 
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[0030] As shown in a table 3, the viscosity in shear-rate 10000sec-l is 50 or less cPs, and good 
spreading was able to be performed in the examples 1-8 which applied the lower layer liquid 3-5 whose 
quiescence viscosity is more than IP. In the examples 1, 2, 4, and 7 which set the difference of the 
viscosity in shear-rate lOOOOsec-1 of lower layer liquid and coating liquid to less than 10 cPs especially, 
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still better spreading could be performed and very good spreading was able to be performed in the 
example 4 which applied the examples 2 and 7 and the lower layer liquid 5 with which quiescence 
viscosity applied high lower layer liquid 4 especially also in it. 

[0031] Although the example 3 of a comparison was applied so that lower layer liquid 4 might be served 
as the humid thickness of 1 micrometer and it might serve as humid thickness of 1 micrometer in 
coating liquid a using the spreading head 1, spreading failure occurred in the upper layer. However, 
good spreading was able to be performed using the spreading head 2 by applying so that it may become 
the humid thickness of 1 micrometer about lower layer liquid 4 and may become the humid thickness of 
1 micrometer about coating liquid a like the example 3 of a comparison like an example 7. 
[0032] (Examples 9-13, examples 4-5 of a comparison) Either of five kinds of lower layer liquid shown 
in a table 1 was first applied by the humid thickness of 25 micrometers on polyethylenenaphthalate 
support with a thickness of 5 micrometers it runs by rate 400 m/min by extrusion coater. Next, using the 
spreading head 4 shown in the spreading head 3 and drawing 7 which are shown in drawing 6 , it was 
failed to scratch a part for the excess of lower layer liquid, the lower layer was formed, and any two 
kinds of four kinds of coating liquid shown in a table 2 were applied as medium-rise liquid and upper 
liquid on the lower layer concerned. 

[0033] The spreading condition at this time and the interface situation of each class obtained from paint 
film cross-section observation are shown in a table 4. In addition, the design dimension of the spreading 
head 3 shown in drawin g 6 was as follows. Front edge side radius-of-curvature Rl=4mm, medium 
doctor edge side radius-of-curvature R2=5mm, downstream doctor edge side radius-of-curvature 
R3=6mm, slit width Sl-200micrometer, slit width S2=100micrometer, difference Hl=10micrometer of 
edge side height, difference H2=5micrometer of edge side height. Moreover, the design dimension of 
the spreading head 4 shown in drawing 7 was as follows. Front edge side radius-of-curvature Rl=4mm, 
medium doctor edge side radius-of-curvature R2=2mm, downstream doctor edge side radius-of- 
curvature R3=4mm, slit width Sl=200micrometer, slit width S2=100micrometer, difference 
Hl=10micrometer of edge side height, difference H2=5micrometer of edge side height. 
;0034] 

A table 4] ^ 
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[0035] As shown in a table 4, the viscosity in shear-rate 10000sec-l is 50 or less cPs, and good 
spreading was able to be performed in the examples 9-13 which applied the lower layer liquid 3-5 whose 
quiescence viscosity is more than IP. In the examples 9 and 10 which set the difference of the viscosity 
in shear-rate 10000sec-l of lower layer liquid, medium-rise liquid and medium-rise liquid, and the upper 
liquid to less than 10 cPs especially, still better spreading could be performed and very good spreading 
was able to be performed in the example 10 to which quiescence viscosity applied high lower layer 
liquid 4 especially also in it. 
[0036] 

[Effect of the Invention] It becomes possible to form the thin paint film more than two-layer on a 
flexible base material at high speed, without damaging the paint film front face concerned at the time of 
paint film desiccation according to this invention, as explained to the detail above. 
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